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Abstract of JP20031 78984 

PROBLEM TO BE SOLVED: To provide a III group nitride 
semiconductor substrate with low defect density and with ^ 
reduced warpage. 

SOLUTION: A GaN layer 2 is formed on a sapphire C plane 
((0001) plane) substrate 1, and then a titanium film 3 is 
formed on the GaN layer 2. Then, the substrate is heat- 
treated in an atmosphere containing hydrogen gas or 
hydrogen containing compound gas to form a gap in the GaN 
layer 2. Thereafter, a GaN layer 4 is formed on the GaN layer 
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[00 3 7] U)T«lM^IEfrtt£GoiU 
& v *a*aaff2fMRJ:(Cl I IiSa8ft*¥*#WB**ffa[K: 

U T«HH^rA#fi*rSMUr( 0 0 0 1 )«Efir|6j. 
id5rfiJRT**Ltftl 1 D«d5rHdfcElfi|T*4ifcA«a 

[0038] m&mm>&\*±*<^fcW£0®Jk. 
hzwittmm&i&mw. *<o±tz&ffrt?>m—<?)ui 

[0039] (iii)ARK**^«-t<i«MSSl«Lhfc:ifi 
[0 04 0] (iv) ^«8*>*i,^i-e-waMfcfliBLt.K:jjt 

[0 04 1] $*>tc. itni^U^fftl 
[0042] (v)Ttfi^-c7>ni]KM-ft^Wf*Jl^ 
[0043] <vi)&Ml&&6 MttvMttMambi&m- 



[0 04 4] (vii)ASHR4fctt^tfDa-(H«Hfc, m~ 
[0045] ^*L<5><0*ft*iSfci-AHRk-t4 i t fc 

A. fyhiJ»)A, s^pa-^A, ^A. t^'f'is 

•>a„ -:t7\ ?n-A s tyyfv, u-^a, «fe s 

^A. M°7>-'»>A, 7^>. SA*fctt££#tr 
[0046] &MR&£jftU **#**fcti**frtr 
8W^JW»JR$*1. £<3J*&atT85-<OIIlSgSfl: 

h(Db^x.hfih. 

[0047] &mmcr>mziz. l < i± 1 // mcrr, 

J:0»*L<(i3OOnmJilT. «4>if i L < 14 1 0 0 

^JRMiOTISto^-C{4^c©J(S^^*\ fcfc itf 
0. 5nmJ£Lhfc-r*. 

[0048] ^-^1 1 IttBfi2ik¥«Hc 

[0049] mmwmmi. #x#x±t:it#mtpint 

H&atf*$:'ktsWm%b-f?>. fcm&^ik&mtfxb 
{4. 4FF+teWR**tHfc^ft<0^*VH^ Jtfci. 

[0050] im&®iz,b LXit. *&*&tm&#x 
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X. »SOffl**£3c5Sttic|gH"CS*. fcfc'U TV 

#7 y^-7 t ras u £mm±.izmnm^-z> zt&$> 
[0051] §mM&<oteft<vm&m±* l < « 7 

0 0-CBLh. iD*?*L<{i8 0 0°C£LLi;-rs. 

GaN^MPkO*^. 140 0 o ClilTi:-r-6ii: 

[0052] ^K*»^4Jt*tfM)MPI*2g»itf5Jg 
ifcfctiS'JCrfird*^ SMl»»5fc«X^!M!yaii. 5 0 0*0 

[0053] ^-ct)II I^a^^SfrS^^Ji. 
2 0%lXh9 0%OTT'*-l» .1 Ll\ 

b > S&XOI I ll^fHlft3HMMte>J&& 

[0054] *^Hjtcfev %t . 1 mmnanfm 

AlGaN, InGaNi«iInAlGaNt«; 

[0055] m-wu imm-im^mwrncom^t. 1 
fomotfLmfflizit^ z<nmmi,zi>'Km\%ffiifitLZ>. 

Z.(DfK.\t. &*tzM&~>X&$mizizm<%:&lJ i . z\ay 
llIfc»fc«MI3itMtoJS$tt 1 u mO±b~thZbtf 

[0056] ^muzts^x „ i^a-ft:^^ 
^^5^i:*ia^ tv^ z<r>£ot,z~ftiif^ wmmn 



[0057] *^HJt=t30T. ^KBLht=»~<7>IIIft 

Xgfc-f 6 -Ik £'<0J:3fcl,;fc*^ 
flPgB2rJ&&g*i:LT. ft^JtlBPgP. ifctvev*? 

sraa ± o izmfc^mizuiimm&m&tftt?* 

B&Zlt%:tft>MiR-?X7f&&Zit& F I E L O b it£ 
[0058] #»9ifcU3VvC, JBZ^IIIBlSMtJft^N* 

£ JJE*-«>I I IUtSS-fHimifMlfcyB* ^JD 

■tttmrnzm^z zt&xz s . 

[00 5 9] 
[006 0] SI56M1 

2-4y^-a>m&gk*r7TJTCm ( (000 1 )®)* 
8U±(C S MOCVDSt, TMGtNH 3 5ISJ:L 
r^H— 7<?)G a 2 Sr4 0 0 nmjRSL/fcfflR 
$rfflSt7t (H2 (a) ) . iWGaNxlf^^ 
S«Lht=. f^yi3J2 0nm!fL (02 
(b) ) . dtl&MOCVD^rt^AixT. H 2 &20 
%?I^-tfc A r <7>mi<¥X\ 10 5 0*CX 2 0 m i n<7) 
#!«2rMt^ (02 (c> ) . HJFrtT. 

■3~?ym3±izTMGk7y^^T*mmt lx. i o 

5 0°CT*GaNJg4$r2/<m^t^ (02 ( d ) > 
ULhtcJ: 0.01 ic^-f mmffik<D^im&tf&t>ti 

[006 1] KJLhOia^tTff^il-^GaNxb^^ 

Tm£irLXf&M:Lfc®&<7)GsiNzt.V?*ris*j\smffi. 
bOMLX. m£frZ1xM±(n&®%mmmb%'iX 

Mai^^lTo/ii:^^. GaN(0 0 0 2)HH]#rOFW 
HMIi, mmM\*l<7)b'Z£WfeLXi>m20 0sec. 

fc. x|g®^raOST'(±. Mf^y(l l l)®co 
HJft-^tWKSii-CfeO. H*L^^>-fli3^G 
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BX'Ztz. 

[0062] ^mMT^ix.tzmm.<7)nwzm?mj} 
mmmx-mm l . mL$m±mz±>tz -> x e y b <r>mm. 

ZMfcLKbZZ. 4X107 flf/cm2 t . #*fc*Kr 

[0063] z\<F>W»L<7>K 9 ?)ft*¥S£«EL*: i: CI 

n* -y 7 r if Z-ft t T G a N £ 2 jtx mJ&K-T h b . 
-eco««coROOft^^{i^8mi:=S:^>„ .Ico^k^ 

[0 0 64] i<7)SMSrfJ0. -e<?)»T®£ SEMT'fyg 
-9-7r-fTCffi*«l±tSPft2r*-r^»G 

Z-frLX^m&G a N/f4#t{Ht£ilT ^&fl§i§K&"o 
TV^d-h^lST'^^. SEM£J;SffiHfg»igJlia> 

Lfeo a n« 2 ' commim 5 0 

^MMX'f&3kLfzmikc?ymik&. «ffeW«*>oJt3S 
(£12:. > !<7)^SrWr-l>GaNii2 , 0^tJ;St><7) 

[0065] m>m\2 

mmm 1 tc*j v vc , g a n* 2 ■ +<^»* t > 

«IU ^0±^GaNii4^^-rsfir(=JR l 9aib 

t, zommzsEMx^mLt:. s«»semi 

mr^z. mmmix-m&ztLtzi><?>bmmn2mtf 
B&ziix^&z ttfrnzx-ztz. 
[0 0 6 6] mmm3 

^mmmnxmfiwmzm 2 izm-t . us 2 >r ^^-^m 

^ B a t7r^7CiraSUC, MOCVDSt, TM 
Gi; N H 3 S^fc LT. T>-K-7V)GaNJ12£2 
OOnmf&MLIzmRZmmLfc (B2 (a) ). iO- 

(02 (b) ) . ^ft£MOCVD*Pf*|fcAft 
H 2 $:2 0%m-^t^Arc7)^4'T's 1 0 5 0*C 
xiOmi n^S**!US£SfeL*:f£ (H2 < c ) ) . SB 
^#X£N 2 tcm^T. HtC10 5 0"CX3 0mi 

m±izTMGtry^~rim.ntLx. losot 

TGaN14^2jum«ILfc (02 (d) ) . 
[00 67] ULhO«tdtt-C#^ii/cGaNa:tr^df 

S E MHKC i 0, t7T^ T^BLhKffilSjfcflA <y 7 

tiSMLX. fm&*tiPjLh<7)B:&%mmW&b%:-3X 



WaSifrofefci^. GaN(0 0 0 2)®@tlf<7)FW 
HMii s SM*t<?)£:'<rS:$l5iLTi*n 8 0 sec. 

fc. xmiiisfaii^Tii. Mt;vd i i»> 

[0068] ^mf&mx-'&^titzmmzm*) . zemrn 
jsEMti^uci;^, mmminM'&tmmiz. 
mitzfit-rxd*. v-yrJTmmiizgmztt&G 

LTWSr G a N® 4 #t£«£:fxT V ^^jS(c^ro X V* 
[0 06 9] .T<7)J&Ki££ 1 0®m*)ML?T~>tztZ\?> 

[0070] mmm4 

*mMm<DTMMmmzm2tz^. w&hvi-<d^ 

i B W7r>( TCffiSmi±CC. MOCVDSt, TM 
Gk NH 3 S-JgmfcLT. TVK— 7-<?)G a N®2£ 5 
0 0 nmjfcKL£S£Srffi®U£ (02 ( a ) ) . ZLCO 
GaNie^^-/+;HSit, f?y!3S:30nm 
ag#L (02 (b) ) . £*i£MOCVD*P|*|fc:A*l 
T. H 2 8 0%+NH 3 2 0%O®-^M?fL't'T\ 10 5 
O'CX 3 0 m i n&mmZti&Ltz (02 ( c ) ) . 3\ 

%m$. m&ftx-. f^yi3±CTMGtry^r 

$rJ!S^4i:LT. 10 50tT'GaNl4^1wm«Il 

(02 (d) ) . 
[007 1] J3lb7)i 3 tC tTf#^il^G a NXt^ 

r Jl^ LXmkLtzmfVG a Nxe^df- 

tit^LT . mm*itfih<n&iB*j*m#tok* -> x 

kvl^>. GaN(0002)ffiiat)fOFWHM(i:. 
^^MSUil!)180sec. t. BifT^- 

[0072] af^Uft^-Clt^^^fO^ffiSrM^^ 

Lfc kCl^>. 4X107 fli/cm2 t , fmiz^t 

< . msMtom^G a Nsmsmsum^tix\>^ z t 
zmzLtz. 

[0073] dosflROR o co^m^m^m^ ttz t z 

I525mi, tm^mtWmX** X\^hZ.h.tf 

mmx-zfz. 

[0074] z^mmzm k> . -e^iiia^ s e mxurm 
Ltztzz. mrnmitmmiz. muz^tzo*. 

7 r -f TSM 1 ±tc2i«iirt* G a N M 2 ' 0 . 
-eco±<0^^$fLfc^- ^VI3^ LT^ifi =5: G a NJS 
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4 tftimztix^zmmzKix^z z t tmzxz 
[0075] mmm5 

mfcm 4 T»6*Ufc G a NX ^ jum&z H V P 
E&mzTJl. GaN14iC, §^CGaNM30 
0/xmttHL*:. lftft(CJB»fc|(fft±. NH 3 tGaC 
1 L*:. filc^Wi. 1 0 5 O'Ct 

L. tfL£:mmte8 0um/htLfz. 
[0076] i«HSJ t 3Mb!ic^&ffig&?)££ffi<t> 
fcrSSLfcJ:.!^ ^*y§l3 (Mft£*uO>& 

jWHRWCX-yf-y^Sfl.. GaNJf4ii«fct>*-£ 
<7)±c7)G a N/f^fiJixfv: D ? 5 >y ? **A& <! i: =5r< > -9" 

rmm i *<ant l*. -e^s. g a n j$«sa<?> 

[0077] #&*ufcG a N#^ b b bS«c7)S: 9 £ . $J5e 

fx*;G a N#|£Ji^<^M£M^:ftjB8titTm 

1X107 fi/cn2 t#^t^< „ ISbHSOHF 
^G a N JWSjyH8a*»4>*LT ^6 <T i: L*r . 
[0 0 7 8] 

%mm]<vT.mmmmz 03 c^-r. HM2 

Mt7r^7Cffli«Ut; s MOCVDSt, TM 
GiNH 3 &f!K%ib Lt. T yH-WGa Njf2 £ 3 
0 0nmj&RL*:»££fflSL*: (03 (a) ) . Z.<r> 
GaNX^JfyA'^iC. f^yI3^20nra 
mmL (03 (b) ) % <r*i£HVPE*P|*lKAftT, 
H 2 8 0%+NH 3 2 0%cDig^Ev8£4'T\ 1 0 5 0"C 
X4 5mi nOga&SfcJfeLfc (03 (c) ) . 

lUPrt-C. f^yl3±fcNH 3 fcGaC 1 £11** 
£:L. Si H 3 C 1 2 ^ H — JVy V h LT „ 1 0 5 0*C 
TS i K-7"GaNjl4S:3 3 0^m^L/i (03 
(d) ) . 

[0079] m.mcmbijzmfctz e o o-c*^ 200 

^03ILJD^7ti:C:^. -9-7r^Ti:GaNfcc7)|^iJ3S 

^^icjea lt , saw***- s g a n m 2 • 

ft. J?£3 3 0jt/m<9GaNJf4#.. t7r-f7Stl 
*»4>W«Ui (03 (e> ) . 
[0080] !HML*:GaNJf4<0S®li. Dflfl^L 
3&»ofc# s £*Lfc:flWS:*LT. f-*y$i3 (M-ftSft 

CTOfc. GaNWgia&KfcfcSifcj&ST^fc (S3 
(f ) ) . 

[0081] ±%ztm®n*mTmm&x't:tez.fzm 

i-?>. GaN/l2'0£Pj£P!2. 6 0~7 0%fc3roT 
mt^9y{ \ 1 l)OE]Mt;-^^'ffl^$n. GaNi 



[0082] mmM7*mMMcoi.miwmzm4 

MOCVDffi^ TMGfcNH 3 ZM®tLT. TVY 
-yer>G aNJ!2£300n infill L*r»R£fflSL;£ 
(04 (a) ) . I^GaNxe^^fy^/HjU:^ 
f^y!3$:2 5nmliL (H4 (b) K ZtlZW. 

fffitftizxtix . H 2 tNH 3 zmftizM&Ltimm^ 

#>WM»it4>T\ 1050*Cx20mi nCDfmWZM 
Lfctts #HM#-X£N 2 fcgUT. BC10 5 0'CX 
3 0mi n^SitffigfcifcLfc (04 (c ) ) . 
[0083]»:t, F I ELO££ffl<,vtGaNJf 4<7) 
Jfcftfcfrofc. 4-f. 3HKJ:te3»C VDffitc «fc 0 S i O 
2 JK2:0. 5umfmL. 7*hOVy?7 jTMizX 
K>. S i0 2 mz<l l-20>k s mtzxb5't'Ftit 
OMKfcHKt, S^^>-JK3^iSa3$^ ?^5Ji 
^L?t (04 (d) ) . lgOl©{i3//m. VX^5<7)i|B 
\iljj.mX'foh. z\<r)WM.ZM.OCVT>jpfoiz\ix. T 
MGtNH 3 SriK^i: LT. Wmm& 1 0 5 0-CT'G 
aNJ14 5r4 ( «m^;ftL7t (04 ( e ) ) . GaNIt 
it \xt>m&<vm(fr}-? ^Hzy r-tyh Zl&tfLlrKifih 
3B?WKlR«L» vX70-«a5^S*^»i;VX^±T-{i 
«t^Tl6]^T'»K±BS:Sv\ SasracWSrScSSrJf 
•c>GaN«4i:^rofc. f»<>^:GaN«ISAxtf^ 

^ft:fci)7t-DTe-y bCD^^aa^L/itCl^. 2X1 
07H/cm2 fc#^t^<. *SB^f±^)ft^GaNm*g 

3^\z?*>'*>vgMi}mt>ixx^z>z\b zmvtz. 
[0 0 84] mmms 

a(CLT05 (a) itWISJffW, GaNXtf^df 
v^^S^$r#^. i^V^T-e^it. ^CVDStCiO 
SiO 2 I5:0. 5//mitSL. 7tf'JV/77-fI 
^tiO. S i o 2 mz<i 1 -2 0>fc i FtT(c:xh7 
-fXRf5«S:il!tt, GaNS4£Eaj£-ti\ 7^5S 
^B!cL^ (05 (b) ) . ^«@(i:3^m s 7X?50 
^{J7^mT'^2>. £<Og&£HVPE*F|*H;:A*U G 
aC 1 tNH 3 ZWMtLX. GaN16^300wm 

^*L/i (05 ( c ) ) . f&iykm±. «e, 

1 0 5 0X;T\ 8 0wm/htf>§. G a N 

It. itl,tb?g.m<DGa N1.1Z7 r-b •/ htBtiLLKkifib 
WlCHfiL. VX^50»gP*>il^^fc^^5± 
T*«^ri6|^T'^^M5:Sv^ S&WCWSrflB 
Sr^oGa Nil 6tWc (05 (c) ) . 

[0085] %t>tuzwm: . mt*mmt wmw&s 

\,Z^-y^yyZiX, GaN^4J3<tl/63&*. Wxtz*)9 



(?L 1))03-178984 (P2003-17(JL8 



5(d)). 

[0086] »4»^G aNIi^sSli^lJIgff 

-hwmmx-mk l . m^mm±mzhtz ^x^-yh^m 

mtmfeLtztZ'b. 6X106 ffl/cm2 bi£&lZ'J,-% 

[0087] imm i 

*Jt©0iJ?>I1ii»rH0£06 tc^^-. W&2 A 

mgg*L (06 (a) ) , *<V±fcMim±<?>1zMZi& 
JK9S:M/¥1 0~2 0nmtIfL!t. 

[0088] ioaHR*MBE#»(^IBSfijftSiF) 
f*UCA*U 7 0 0"CT-»^Jitc:GaN«4 (JSU52;u 
m) £j£Jttfc (06 (b) ) . 

[ 0 0 8 9 ] M B Ejpfr^M 0 ffi L?tS«[£ V WfcTkS 

T'SfU G a N14 7 ^ 7»^M^ ( t 

Mz J: iJ^tfHtlBIfcHUfc. 
[0 0 90] ff^^GaNXf^df^^^Ji^ -?-c0 

tcs o #a t < . ms.fr t>§*m ttzt mmz u-jumz 

[0091] *smm t±ML tzmm.M(7M§& t<otm 
&t>. mffinmm£&v&zttz£>). mLomm* 
m%<,z%& 1 1 1 t,z%. k> imwz.&»% tizzt ime> 
frtzz^tc. vxtxmm istzmmm 1 ~8 tza^ 

X. GANJf 4<50j£jp$?)3f -rVTtf^t VX^J *7i> 
[0 0 9 2] SU£ffl9 

*satW£H 1 2 a:M2 «r 

fe B B t7r^ TCffiS^litC. MOVPESt, TM 
GtNH 3 ZM.mt LT. 7yK-7<0GaNI2 5:5 
0 0 n m^Lf;ii^fflSL^ (112(a))„^ 
tC, ClcOGaNXfcr^dr^^;l^fiLI-tC N ^?yjg|3£ 
2 0nm^#L^(iai 2(b)). ,1 i L*l£ 
«OXOBHff«^«EaiSH8t=*t-. GaNX^Jfi/ 
^g^-fC, T iWlOQOUJjfalzMifaLX^&m 

Twrnrnztuz. ■icomfczws&FmzMvx . r>-* 

^T£2 5%iI£L*:H 2 MS[4>T\ 1 070°CX3 0 
min^iJS^iDt. ,«yi£JfeL XSSUfil 
ffifflfeZftitzb 09 tc^-f J: 5 TiNOHI 
ifrt-^tfil^Sfu ^>H3«[1 1 DJjfolzSffi 
UzT i NKfcXfcoT^&ifcjWBSSfifc. 

[ o o 9 3 ] 4*:. zcvnmmfmm* s e m-chs^l 

izbZZ. Zix^tim 1 0 & i 1*01 1 1 |Him^1i5t^ 



yX-r-CDm'btt&^-lzM^Xm. T««Ga 
Nm2lZimZ-5 0 0 nm^lUfr't^ . SofcE 
^COGaNJi2<7)TSj£T\ f^yl3m^>fltV^ 
&J:d&»TffiflijiT-£>£(01 2(c)). BrffiSEM^K 

frhfmh^tz-M&oy&iimme sxx-^tz. zti 

£HVPE*P£A*U GaN®4£30 0/zmJt®L/t 
(01 2 (d». jR*fcffiVVfcJH$WiNH 3 tGaClt 
h&. £tz. {*t|&#x4^GaC 1#EE. NH 3 #EE 
it. Ztl^tl. 8X10 3 atm, 8X10- 2 atmX'fo 
£. fSMtt/tEEVfrW £«jBAtj: 10 4 0°Cb Liz. 
^f^UT^Xi: LT(iN 2 fcfflivfc. N 2 £*<vVTtf 
Xb Lxm^hnim-JTfafo&ZiSMLXTMVGaN 
M 2 V&NltfWbjLtlxX LS 3 OSrfi&OfcibT** . 
N 2 Offfett, Ar ( He&b'VTvmtfXZm^&Z 

bxmWk^im^iih. ZtibteffllZ. {2t£>£* 

fflvv $mzm?ffl&<omz bLxm*-i£G aNmt:2 

i.. 3l#i^#GaN«$:&j|L-CJSJ£|GaN/i4£f§& 

i fc fc-r* 4 . h 2 ^ u r^'x-cofiSc^tijtt^.^ 

^X+OG aC 1 NH 3 ^-JE^^ix-rix. 1 X 1 

0-2 atm, 2.5X10-1 atmb LT \—9)Vb LT 
300 Atmc7)ff$t^L^GaNJl4«ffi(i:, 

^^C0fP$IJ^® ^ 7 * o £/«0ffi#*^ ^> . G a 
NJI4{±fiK^Tf^l^?a3S^(Ct>V^T3gPgJi£«^1f 
7r-frCM«^l*^S^MStL, GaNcOgir* 
WmtdXiz (01 2(e)) . 
[0094] WcGa N @AS«C<7)SM{i. 
Wt\ ^ilffi^fcilXSEMR^tciO. -9-7 r-f 

T^±t«ia^^\'-y 7 rmzirLxtfLMLfzmfcD 
g a Njf t itm lt . Pi#^-enuuio^»^«ffl^ 

^rffoytiiC:^, GaN{0002)E fcit>'(10-l 

OffiOlHlKfcOFWHMii:. KgffiF*l<Di:C:£!l5gLT 

^-eiX-^iX. 1 2 Oarcsec.. 1 5 Osec. „ MfT 

i^%&£l l &ttLX^hc\biffi&X'%tz. £fz.& 
htltzGaiN&mglMffi.nRr)z m feLt ltz ? > ^ ^ 

C0K 0 Oft^^Stt^ 4 m b > IffiliZYiS&mffiffX-Z 

x\,^c\b tmmx'Z fc. #5iw^Ti)-7 r rmL 

±tcGaNlr3 0 0Atm^-ri,i:. f»iI»S^ 
ft^@{±^5 0cmt^4cOT. ^CctO#4.^l»G 
aNiSlt *CD&*)W*MlZl&mVZX^Z>bWz. 

ttz. nbixtzGaLN&±imikmffi4e>m<mm 
sr. mm. (250-0 cwH*aL3fe»' 

%ML>tltz^/+V-v hX-fflmttztf. 1 x 1 0? cm 
-2 fc#HIMCil«flrv^fc*8ffflLfc. ttz. KflS*« 

8X106 {i/cm2 t % ^Mtfcil«5r< . M^tt^iSV^G 
a Nm*S H a B S^# ioilT V ^i, i i: £5112 t/c . 
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[ o o 9 5 ] mmm i o 

#HftW?tt. ^JKffili: LT P t Zm^fzMlz^X. 

mmm 9 1 mm. mi 2 ->xsmt -s . mm 2 >r y 

^mfe H ^7r-frCffiS^l±^ MOVPEg 
T, TMGfc NH 3 &M.$\b LT, GaN)l2£ 1 jtzm 
d^UfcaSK&JHSUfc (HI 2(a). <lC9GaN/ll 
_ht, &JRPtJg|3£2Onm^*L(01 2(b)), i 
Jx£ttM*F£AilT, *M4>T\ 8 5 0°C, 2 0#fa<0 
SWSlfclSLfc. -TOSSS, GaN«2 
SBbWKSSit. £J»PtJg3(;:(i, SM«t/S? 
o >"»M XffXrVffifS&ixte. (01 2(c)). 

[00 9 6] £ateA$HVPE0*C7il. GaNf4 
* 3 0 0 mi£« Lfc (H 1 2 (d) ) . jfcftfcffi VvfcRB 
(iNH 3 tGaC 1T»4. *»^4"®GaC 

NH 3 #jEli, 8X10-3 atm, 

8X10-2 atmT*4. JfcJBttSBETfrl^ 
(4104 0°Ci: Lfc. ^-r »J T#Xfc LTiiA r SrfflU 
Ar<0fflH:N 2 , He%ZC&FfflitfA£m^$>Z. 
i:kT'#S. IUfifi?!l9i:|§I«{c(i:ti6(CN 2 , A 

r, He&fcV^S^'X£=^l)T;tfXfcLTfflU, 
GaNIJ5 0j«mSJK(SIU <klZH 2 fr*tr**!J 
TtfXlCflJOW*., giS»Sma«iPS4TGaNJi* 

4. #IIS^JT'{i2 5 0jumJPOGaNJi4£jfcgL 

* . GaNi4 te&mtTW&>ffi8amtz& \,vtsmm 
zmiz?yT4Tcw£ffi.ifrt>smzmmL. GaN 

mM&mumbtit: (Hi 2(e)) . 
[0097] »&*UfcG a N giLmmomWlt. #it(c 

wt\ mwiMwm&XTSSEMmmizjL*). t7?^ 

GaNJlfcJMSLT, R«3&>^*UaJh<0Jl»a*H«JB 
fc$roTVv&.Ii:£lI12Lfc. £<D^OXf£|Ejiffl!l5£ 
Z'ifr>fcbZ?>. GaN(0002)ffl, *5il/(l 0-1 
0)®tf)B#TC9FWHM{i, mffiffift<Dk'Z£m%.LX 
Uam, JHI O Oarcsec., 1 3 Osec. i; , .ft#T* 

emw&m&s ocmbz&n?. #&izi 9#£>*u> 
5:. mm. wam&m (250-0 fc»B£iSLfc*s 

«fl«.<lfclyfe7 hXWmi-fztf. 5 X 1 0 6 cm 

wmxmmwv b<v®mzm%.i>t:bz?>. z<nmi> 

5X10& (i/cm2 , *»ft:^«Sr< , l&Iltt^ffiv^G 



[0098] 9mm 1 1 

[ 0 0 9 9 ] tt@2 >f >+<0W&Bfi-7 r A 
l±t:, MOVPEfet, TMGfcNHaiRHfcL 
T, GaNl2l:3 0 0nmtIUcltJfflIU«; 
(HI 3(a)) . 

[0 10 0] COKSLhfcl. iSCVDffitcJ;0SiO 2 
M£0.5jumit«L, 7<-hUV^57^xefcJ: 
0. S i0 2 BKc<l l-20>i:TffKXhM7^ 
<D5g£HB(t, GaNS2 2r^ffi§-tir. -?A?5£0JS;L 

(Hi 3(b)) . &0)fStt3jum, Si0 2 ?X75 
«0il@(i7^mX'S>.i.. 

[0 1 0 1 ] ZOGaNttf^is^JUmfol.lZ^ 
yI35:2 5nmIfL(il3(e)), £ft£HVPE 
WotAixT, N 2 tNH 3 ZmftKM&LtlWmfSJf 

xo%%itpx\ io5ox:"C2oj»smminLti 

«, $£>(cf?BM#x£H 2 fcUUT. ssti 0 sox: 
T'3 04HB<^«KtfSaS:ltLfc. £tf»8JIL GaN12C 
JiiSHSflKOSfflfcW^ L (H 1 3 (d) ) , +9 >m 3 US 
<ft:$;ft.TT i Nfcl&fcU «Bitct±^:r5?nytf>«M 

mFfix. Ga 

NJf 4£3 0 0/zmifMlL*:. AJUCflll^fcflffKiNH 
3 tGaC IT, ^-YVTtfXbLXHetm^t:. tit 
|&^^GaCl*E NH 3 *ffil 8 
X 1 0-3 atm, 8XIO-2 atmTfcS. JfogtifftEET 
=ffv\ BJc*«a^til 0 5 0°Ci: Lit. GaNIi {4t46 

K«fOGaNi4t^fc(Il 3(e)). *^VTtf 
Xi:LT(4, HecoffitC, N 2 ^Ar^riT^vStt^X 

e , N 2 , A r =$r ifO^tt^'X Sr^-v 'J TtfA b LT 
BSftSrtfv^ «l^r6l^T-^^:ffiSrao^f^, H 2 $: 
•^•tf^f-vUTXfX^MUT, mac/))J$4T'GaNS:«; 

S*WJ§fL. *ffi^E:7*n^#Bt#$:ft.&. GaNJl 

rATW$H)^mzmm.Ltimi3{i)). 

g a nji4 <7>mam\{iiZmik~?z>tzibi l zmm*mL 

T, ^V^3 (g^$tLT^i»*>O^-i-0) , SiO 
2 -7X^$r^GaNM4£7>— gBSr^*L/ci: ^6, ^ 

tlfcdl 3(g)). 

[0102] %b1xlZG*K&±WBL<r>$m\i.. #mtz 

GaNjftitKLT, H^m£Lh<0^»^iB*t© 

^rflo^tCl^, GaN(0 0 02)®, fei^lO-l 
OfficoillDr^FWHMJi, mffimtWZZZMfeLX 
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t>*tl&l* &)6 Oarcsec. , 8 Osec. k > MITS}— 

£GaN£3 0 0;umj£jH-ftk. %<nWfc<r)K 0 Oft 
^^{i«j5 0cm^^^<7)-C. OffbiXftG a 

NaittEtt. *<OR9#:ttI(cfl8^#TV>fti:m;lft. 

» 4>*ut g a n u±m&&m.<r>mi.®m* . f» 

0«L «M ( 2 5 O'C) fcK«tigLfc*S«#& 
fufcXy-f-K-y hYfSfUi**. 2 X 1 0 6 cm- 2 

JUfitK^^T <^ft - k * WBtJt . 

coio3] mmm 1 2 

GaNffeiaS7it:, U-?yjg3&2 0nmii;#L 
t(I14(a). (b)). ^cOffig^m^rtfcAftT , T 
>*:-T£ 2 5 LtzH 2 StS+T, 110 0 "CT' 

3 0 #|SJO|^!Ul SrJS Lft . -?-e0fiffi&l/|liffi2- SEM 

x®mLfzbc\*>, ^-?>m3<vmMim. -v-y^m 

N#^b^SM 7 5 0 0 nmm$l<?)m%&TZ 

X. ^v^->?Ztu?lzm^fcE.fi&1k<VG aNJ£f B « 
1E£T\ VJS 3 $>tiX nft i 3 3rB«§3£-e 
£>-oft(l2l 4(c)). 

CO 1 04] itlSrHVPEFCAil. GaNl4 5:3 
0 0;umi£«bft([ll 4 (d)). Jft^tffiVxfcHflttN 
H 3 tGaCltM. tit^ffiMXtfOGaCl^ 

NH 3 Mli, -e^m, 8X10-3 atm, 8X 
10-2 atraT'&ft. JfcJIfctfgJETiTVV jfcHSgtel 
040-CkLft. *-rVT#XbLX!,3.N 2 Srffl^ft. 
N 2 2r^^!;T^'XkLrfflV>S<7){i«l^-IfiIfi!c*&{gJt 
LTTtl&OG a Ngc7)£B£#®6&3: ftT 
<'tmbX$3 ft. N 2 Ofl&t £> , Ar, Hei k*<^FiStt 

#**ffl^ft c: t x-mm=yiMkifmt>ti& . -rnk 

fc. tetto£^UT#XkLTN 2 . Ar, He^rf 
tfFRStttfAfcfflV^ 3lffi£iIdm£<OJ¥§kLT0>];t. 
tt'GaN2:2 0MmmJK^*L. &(C.3f -V l J TfiX 2r H 
2^9*^, 5lli#GaNMlU)fiGaNi 

4 £#ft £ fc i T'# ft . H 2 ^-r U TtfXTOjfcHtfc 
ttfttt&#X4>OGaC 1ME. NH 3 #JE£^*l-?-' 
*U 1X10-2 atm, 2.5X10-1 atmkLTh — 
ffVb LT3 0 0wm<50JI§C^*L7tGaN«4^ffi 

t<TN 2 **VT#A<t>X'l8MZft'*izm&tzit 
® LX MfM^jfPSl^fflt 7 * a iS<D&.mtf%. $>ti 
ft. )££*fT«L UK • J: i N)l£ 

X-y^-y^'Lftk.!^ GaNl4* { GaNfg H H B SK 

(014(e)). 



[0105] #^Ga Nmm&miemmi*. 
twc\ mmmmts s e Mose* o.t7r 
•< TmwLtizmi&fc^y 7 TmzjtLx&L&Lizmt 

mb*->x^hz\b£ms.Lfz. z<7)mfa<7)x&\5\mm 

&£1f->t:bZZ>. GaN(0002)I. tJit/(10- 
1 0)SO@iff<7)FWHM(i s S^B^ifi^an^t 
T t-eft-Tfu %)5 Oarcsec. . 7 Osec. b . 

ixizG*Nm£&m®.<7>fc<o*m$LLtzbz\h, mm 

R 0 <7)8im¥mi%)8 m k % x 

[ 0 1 0 6 ] S^Ga N#ig B B B ^C0K{4^ 

mm. im®-&m. (25 0-0 l*: 

M*^#^>^^Jtx>yf-K , - y ht-^L^'. 7 x 1 0 s cm 

- 2 b nniz'j?* < . ts H B Hitos^G a n j?tfttmtt< 

^.ilT v \h Z b Zm%. Ltz . 
[0 1 0 7] HSfeMl 3 

^Qt«*satM9i:ig* x 01 2*m^xmw-t&. 

W&2Ay^cr)m&£ky-7T-iTcmWfcl±.^ mo 

VPESt. TMGiNH 3 ^f4tU> T>Y-7 
(?)G a NI 2 3 0 0 n m(£fiUfci»EtL^ (H 
12(a)) . <Xiz. >I<OGaNa:b°^^^-Typ^± 
f-^^M3S-l 0nm^*LJt(Sl 2(b)). ZW 

mL^m^ir^zMix , r^^^r^2 5%^L^ 

H 2 mSM»T\ 10 7 0'CX 3 0 m i n^^QaiSrJfiL 

09^Lftc7)i:|3I«C Ti NOIUSftf-^^tS 
f^>i3tt(ll D^icillfilLftTiNIS 

[ 0 1 0 8 ] *fc . -e^ssi/Bfffl^ s e MxwmL 
fzbzz. *ti?ttmioti£xmi 1 bmrnnrnmiz 

yX-y-COm^&Ktfita—lZffl^ ^X&K>. TiffiOG a 
N@2tC{4^$~3 0 0 nmCD£P£>'-C#T. lofcE 
^Jg^G a NSS.fHOlijrC. f - ^ 3 ^>icT V > 

ft i a =3r»rffi«jtT'S) ft (H 1 2 (c) > . BriBS E M^Jt 
*^l.StoftffiP^^TL^(i^6 0^-C'S>oft. iir 
$:HVPE*FfcAit. GaN®4$r300xzmJt«Lft 
(HI 2 (d)). ^(Cffl^ftJSf4{iNH 3 tGaClt 
ifeft. ifc. ffi^^GaClM. NH 3 *ffi 

-eti-fil. 8X10" 3 atm, 8X10-2 atmTfc 
ft. J&Kii&ffi-CfiMrV ^ftiS^ti 1 0 6 0-Ck Lft. 

^f^ur^rxku-r. n 2 kh 2 $:2%^tfttc7)S- 

fflw^ft. H 2 kN 2 Oil^'XSr^r^ UTfc LTfflV^ft 
iktrioT. jtS^SSSttkSIRKIgl^WAL. 
fc» R 0 *«W0^ft - k ft . 
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[0 1 09] N 2 COftbOfcs Ar, He2r£Wi£14 
#X£fflVvtt>«fc^. GaNii4^®{i. N 2 ^'J7 
tfA<0&X'fmZ fro fc JtSS L T SSfilc^WM 
^ffi*7*o*/oSc*jWl&*irt:. GaNJf4W:l&K: 

l*»4>S*8icMliU GaN^liiaSKj&^fufc (H 
12(e)), #ii>*lfcG a N Uj[3&&Xm±* #Sfc 

GaNSfcitlRLT. PI^-€-*UaJb<OftiSF*«iS«!B 
[01 10)11 5t % #^09Tif=kft/v:GaNg;£ 

3ffi!fc G a N#®tfiSTi£A£*I^;XI%#^£ ififcH 
tUz. L*>U |HML/i®fc^tffi!|co«® (H+±B) 

amtzirth z fc . 
[oin] mmm i 4 

*9lft0!l(c&l v? . GaNl4 U T#x fc 
LT, N 2 tcH 2 £ l Ottfi£-L;fc*>«)£fllvvfcj££Hi 
V ^T^JS^lJ 1 3 fc RSIC LT G a N g iXKtfML L 
3t. H 2 fcN 2 c7)M-&XfxSrJf-rUTfcLTfflV^^fc 

•5£«HW-*-*£fc#T , SS. N 2 <7)ffcfoDtw. Ar.H 
e^rfc'iO^vgtt^rxSrffl^Ti GaNJf4^H 
« . N 2 'J T ^<0*T-I£«*ff -> fc*£fcifc« L 
TlS^WJiJ^ffit 7 * a S^iX*** £i!>*ufc . 

mt&*y7TmZltLX0t&Ltem&<QGa.Nmkit 

ntx. mm*zim±co&i&%:$mw&k%'ix^& 
ztzmmLt:. z<r>w&<n Kmmmm zn-ofztz 

GaN(0002)I, 1 0-1 0)ffiC9®#f 

^7 0arcsec, 9 0arcsec.fc. Bkt5X'i%—%:t&i , B'& : & 
*LTV^ifc^'5iIg-C#^. i^GaNg 

3.£Wi.comm*mm8 mx$> k> . itmz^mft&wup 
«£»wbl «asa-^s (250-0 t-x 7 fy/L, 

S*ffiWBj££iX.g>X-y^-t , -y h£ft$tL£fcCl6. -?"C7) 
*J»44 X 1 0 6 cm- 2 . KisfiOG a 

N JMSft3S«&5(«# i fc &mm Ltd . 

[ 0 1 1 2 ] Ei 6 *mmmx'&t>tifzGa. n 

:***0Kcfcvvtti. 121 5TS^>ilfcl|Vv«Ftt<^x^ 

ti. T^x^^m^A^mmm 1 3 4 0 i>m 



c^trJCPx h Z fc **C* . *o±aw*ft£Ji#fc:»«tf- 
£ i fc #T § fcfcfc fc £>tt& . 
[0113] JiLh^£ilMW=invCt4. &$m*G 

a Nmm^wmnmizmi lkmizh ^xmm Lti&. 

M-ffcT^S-^Atf U >7A-*fiHbyy -7i,-f >it*7hZs: 

-TU^pSGa NatlR^OliBStcaWM-S i fc & T'£ 
ilBHS^J-C'ti^JSMfcLT^^^M^ffl^ 
l^JB££ JJIV £ £ . #«JK* 

[0 114] vX^^fflV^S^fttcML. H 

[0115]ifc. GaN®4j^S^^f^l>T^Xfc 
LT. H 2 fc^vStt^'xfc^^x^ffl^^^iJ&iaHj 

LiztK IZtMz^-rVTtfXt LT^Stt^XcT)^. 
*«±<SilJgc7)H 2 $-i-tfiM^Xffl^TT«fecOGaN 

m 2 co^mzm 0 ns&com-z t l . *<m&*\zm£;is 
x*<7)H 2 (D&nmztm>LXG a.Nm4t:mMz-£x 

[0116] 3jsf|HJlc i 9»6n«III8aBftlflHi £ 4Mc 

m%te. g aN^f^ xm^mmtLxiK<m^hz 

bftXlsZ,. muz. 1^-if^^-h'fflO^fcLrffl 
fc . Mi^^fiV^^G a N$&A£«&&*1.* 

^dfc*«-C-#^»J:3(c^i». 
[0 117] 

P«$r *-f S H-OI 1 1 jfeSftfll^NWWIitclClOI I Ife 

mmm£w.m*mtfLLx\^hfz#>. wrviimtmty 

[0118] *-(c. ^HW«j&«fi< . »AiffaK^)ft0 
=SrI I IfieSfbfi^NMM^ft^ - fc #"C* S . ^Pf^ 

w-r^Ji^'M^MftSfcLT^fgL. Tflfia^fcm-^ 
1 1 immtwm^m t com?5mM*f*£mmmz 

[oii9] nt>tiz>*mtemm<7)K*)*sm 

ntz&v&iHgt *)fo±m*mzz.b&x'%&. 

1 1 mmim^m^m t &&?5mM*?m®mm.miz 
fm-thmfrZMm-t&frtzXh h . 

[0120] ^HtC. mMCDmi;tf®%lZ'Kz_ Zfzib. 
^C7) g±^§r^M i fc #T'# S . TtffiS^fc m 
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mi ) *miizi&&^i!mm<?>mmm?2>&. 

[05 ] *miiz&z^fomm&m&jjmz^i-i.m 

[06 ] *mftmM(vw&ij&z^i-immwmx'h 

[07 ] *miiz&&!mtiim&<7)mm<?>m®imwm 

[08 ] mt>miz*5v& xMrnftftimmtrmw-eb 
*. 

[09 j mmnztuf^x^mmm^^^-rm-ch 

[010] H*«tc*jJt* S EM«S?*S&£3irf0iBtt 

[011] ^jfi^jfcfcft-i.sEMjs^igm^*-r0Hft 



[012] **IBfc«*iN»fl««<o«Ba<Hfe*^I 
1SBJrM0-C'&3. 

[013] *»Wfc«*^fl^«^>«JiSrft*Srrx 
[014] ^^fcffi*^«c3S«^>J8t*&*Srrx 
[015] ^miommm 1 3 -CftfcfUfc: G a N g A* 

[016] l&m<nmm 1 4 T»S>*ufcG a N g£S 

[017] ^^ni«iaHtft2Ni(tc?Bjaa^)^^ u r 

7' (XRD ) ^ffiUfci^eAa^^SO^ft^g 

[fi^)i»HJJ] 

1 t7r-f7CB( (OOODffi)lI 

2 GaNJg 
2 , £Mt«:tf't*GaNJg 

3 f^yK(ABPtH) 

4 GaNf 

5 77? 

6 GaNjf 
9 
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